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(57) Abstract 



The invention provides cyclic peptides 
which inhibit platelet aggregation without 
causing prolonged bleeding time. The inven- 
tion provides ROD or KGD containing pep> 
tides which are cyclized and contain hydro- 
phobic moieties adjacent to the. carboxy 
terminus of the RGD sequence. Peptides of 
this nature are also provided which contain 
in addition to the hydrophobic moiety an ad- 
jacent positively charged moiety. Such pep- 
tides have a high affinity for the. receptor 
Ilb/IIIa and a low affinity for the fibronec- 
tin and vitronectin receptors. Such peptides 
can be administered in a suitable physiologi- 
cally acceptable carrier to therapeutically 
treat thrombosis. 
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METHOD AND COMPOSITION FOR TREATING THROMBOSIS 

BACKGROUND OF THE INVENTION 

5 The invention relates generally to methods of treating 

thrombosis, and, more particularly, to such methods using 
peptides. 

The formation of a , blood clot within a blood vessel, 
10 a process termed thron±>osis, is a serious condition which 
. can cause- tissue damage and, if untreated, eventually., 

death. Thrombotic formation is dependent upon platelet 
aggregation. The interaction of blood platelets with the 
endothelial surface of injured blood vessels and with other 
15 platelets is a major factor in the course of development of 
thrombi . 

Various products for dissolving such clots are now 
available, such as asprin, dipyridamole and heparin. These 
20 products generally Icill or remove platelets, which can 
eliminate the clot, but has the potential serious side 
effect of causing prolonged bleeding. Moreover, the effect 
of such products can only be reversed by new platelets 
. b e.ing.^v£or med or ^provided . . , ......... ^.-^z^-...^^.:... . 



25 Platelet aggregation is dependent upon the binding of 

fibrinogen and other serum proteins to the glycoprotein GP 
Ilb/IIIa complex on the platelet plasma membrane. GP 
Ilb/IIIa is a member of a large family of cell adhesion 
receptors known as integrins, many of which are known to 

30 recognize an Arg-Gly-Asp (RGD) tripeptide recognition 
sequence. Individual receptor specificity is determined by 
the conformation that the RGD sequence adopts in each 
individual ligand. Inhibition of GP Ilb/IIIa receptor 
binding, and therefore of platelet aggregation, without 

35 inhibition of other cell adhesion receptors would be 
necessary"~f or~the prevention of coronary thrombosis. 
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There thus exists a need for a composition able to 
specifically inhibit the platelet aggregation receptor GP 
Ilb/Illa and to dissolve blood clots without removing or 
killing platelets and without causing detrimental side 
5 effects such as prolonged bleeding. The present invention 
satisfies this need and provides related advantages as 
well . 



STOMARY OF THE INVENTION 



10 



The invention provides cyclic peptides which inhibit 
platelet aggregation without causing prolonged bleeding 
time. The invention provides RGD or KGD containing 
peptides Which are cyclized and contain hydrophobic 
moieties adjacent to the carboxy terminus of the RGD 
15 sequence. Peptides of this nature are also provided which 
contain in addition to the hydrophobic moiety an adjacent 
positively charged moiety. such peptides have a high 
affinity for the receptor Ilb/Ilia and a low affinity for 
the fibronectin and vitronectin receptors. Such peptides 
2 0 can be administered in a suitable physiologically 
acceptable carrier to therapeutically treat thrombosis 



25 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 illustrates the insertion of electromagnetic 
flow probe, intra-coronary electrode and screw occluder 
xnto the left circumflex coronary artery (upper) and shows 
coronary blood flow before and after adjustment of the 
<=ritical stenosis (lower) . 

Figure 2 is a dose-response analysis of the relative 
anti-aggregation potencies of the peptides injected in 
Example Vli. 

Figure 3 shows the platelet aggregation values for 
35 each peptide dose following time after induction of 



30 
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coronary -thrombDsis . 

.i^re . Shows .he =^ P-P^^"^" 

Kxa^pli^xx on coronary Woo. a., ^uro^os.s. 

^>,<= effects of the peptides injected in 
5 Figure 5 shows the extects oo- 

Example VII on hemodynamic responses . 

T.1 atelet and fibrinogen uptake by 
,i,„re e -"'-^^^f with, the peptide ot 

Gore-Tex grafts m anxmal 1 mij 

10 Example VIII. 

^v^* -nlatelet uptake rates by Gore-Tex 

Pi^e , Shows ^^^^^l^^ \^ ...„ple 
grafts in animal 1 in3ec^«" 

vill . 

.•^nr-e 8 shows the hematology parameters in animal 1 
.or cir^r :retLnt (shunt 1) and for treatments with the 
peptide of Example VIII (shunt 2). 

Pigure 9 Shows the platelet and fibrinogen uptake by 
Figure ^.^^i o iniected with the peptide of 

20 Gore-Tex grafts m animal 2 m^e 

— Example— V-I-II— 



Figure 10 Shews the platelet uptaXe rates Gore-Tex 



25 VTII- 



Figure 11 Shows the he^tology parameters in a^^al^a 
cL«ol treatment (shunt 1) an. to. treatments w.th the 
peptide of Example VIII (shunt 2) . 

30 Figure 1. Shows the ^--^/^ Sl^in^ a Tlhl^ 

various hydrophobioally enhanced peptides 

model . 
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DEPAII^D DESCRIPTION OP THE INVENTION 

I»>e invention provides eyolit- ^ 

Platelet aggregation ^it^^^ JZiZ ^ ^ ""^^^ 

= ti„e. i„ e»boal.ent, pepti^^"! T""^^' "''^''^ 

are cyclic and contain . ^° which 

positively char,:rai,?:o^ri/frd"^^"" ^- " ^ 

* 1. a positively charged ^olet^ ^^T^^ 
effective in Inhibiting platelet Peptides are 

10 ^'■-ef ore advantageouslyle used to dl^'"^^""" 

-11 as prevent Inappropriat: g::^^^^: "^'"'^ ^= 

muscle cells and arterial graft r^^T ^""oth 
=uch treatment does not cause L^""""" ""-P-t-aiy. 
prolonged bleeding which h , =°"=°»itant significant 

1= other antl-throJItlc aZt' ThT ^ "^^^"^''-^ °^ 

therefore a signlflclr °* Peptides is 

t^-apy. inoi::^:^"::^ -P^t over conventional 
containing peptide! °ther kgd- 

As used herein, references to "Arg-Glv a 
peptides" or "rgd peptides" .™ Sly-Asp containing 

peptides having cn^ or „or:" ^^T:! " ^^^^^ '° 
sequences which .ay function .s l^l!' " . """'^^"^ 

J=ecep.tOMf_the-"Aro-G1^^ " bi nding sites fo^ , 

those reoognl.ing I'lTl --P-o-", i.... 



- -ognlzlng - : i.e., 

Xt is understood that functional seguence. 
-ch as Lys-Gly-Asp (^ T°T °^ Arg-Gly-^sp 

-ino acids Which 'fi^onliS™ t^T' """^ 
peptide sequence are also InolL^ A^g-Giy-s^p trl- 

30 While the .rg-»ly.:ir ^Z^^T T 
equivalents have been found t^'lL^L f ' • 
order to retain the binding act!vX " e """^"^"^ 
the remaining peptide as well as anv^'t. oo„,positi=n of 
present in conjunction with t^^ Z^T^ ^'^^ ""^^^^ 
3. necessarily affecting the acS:i^''lrth"''J'^ "'^'^^ 
Khere specific cheMloal structures °! ""^ 
Arg-ciy-^p sequence are presents i?'"'""" ^^"-"^ 

presented, it is Intended that 
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various xnodif ications which do not destroy the function of 
the binding site are to be encompassed without departxng 
from the definition of the peptide. 

5 AS used herein, the term "bridge" refers to a chemical 

hond between two amino acids, amino acid derivatives _ or 
other chemical moieties in a peptide other than the amxde 
bond by which the baclcbone of the peptide is formed unless 
the amide bond cyclizes the peptide to form a lactam. 

10 AS used herein, the term "peptide bond" or "peptide 

linkage" refers to an amide linkage between a carboxyl 
group of one amino acid and the a-amino group of another 
amino acid. 

AS used herein, the term "peptide" is intended to 
include molecules containing amino acids linearly coupled 
through peptide bonds. such peptides may additionally 
contain amino acid derivatives or non-amino acxd moietxes. 
The amino acids can be in the L or D form so long as the 
binding function of the peptide is maintained. Such 
peptides can be of variable length, prefer ably . between 
^-aut-4-^nd-2C)0-amino^acids-,_mor ^referably between about 



15 



20 



25 



30 



35 



7 and 3 5 amino acids most preferably, about 19 aiaxno acxds. 
The term amino acid refers both to the naturally occurring 
amino acids and their derivatives, such as TyxMe and PheCl, 
as well as other moieties characterized by the presence of 
both an available carboxyl group and amine group. Non- 
amino acid moieties which can be contained in such peptides 
include, for example, nitrogen containing moieties such as 
amines, acyl groups or amino acid mimicking structures. 
Mimicking structures are those structures which exhxbxt 
substantially the same spatial arrangement of functional 
groups as amino acids but do not have both the a-amino and 
a-carboxyl groups characteristic of amino acids. • 

AS used herein, the term "cyclic peptide" refers to a 



wo 91/15515 

PCr/US9l/02356 

6 

peptide having an intramolecular- v,r,«^ v. ^ 

bona Includes, but is r,r.i- , ■ '^^^ intramolecular 

= cy=ii,.^i„^. variot^nraci/a^'^'^i" '° =i^e-chaln 
"■Pieties can partlcio.^ derivatives ana chemical 

sample, -/^^r^.^ ^l^r^ - 
analc^e.. ^c ie al.c ^ .^Z^',^:^': 



and Pmc 



25 



20 



time/r^tir^i:..:::.::^^^^^^ —^-^ -eeam. 

refers to a bleedinc tr!= Prolonging bleeding time" 

a. «.at obtainedliruntet:: T^T'^''^ 
Wbich ao not prolong bleedij; time a« t ^"^'^^^ 
administerea to an animal do . "^^""^ "l-^n 

by more tban a factor ^ t^ a ™ "'^ 

provided in ^1 r,"™^ as 

a.ino aciranT:::rmortL"rr r - 

follows: herexn are given as 



Ala 



25 R " isobutyric acid 

Arginine 



Alanine 



Arg 
N Asn 
D Asp 
Cha 



Cit 



C 



Asparagine 
Aspartic acid 

Cyclohexyl-alanine 
Citrulline 



Q sin 

E Glu 
G 

H His 



Cysteine 
Glutamine 
Glutamic acid 
Glycine 



Hpa 
I lie 
L Leu 



Histidine 

Homophenylalanine 

Isoleucine 

leucine 
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K Lys 
M Met 
napA 

0-n-butyl-Tyr 
o-n-hexyl-Tyr 

orn 

p-amino-Phe 
Pas 

Pen 

F Phe 

PheCl 
Phg 

p-iodo-Pbe 
Pmc 

Piap 

p-nitro-Phe 
p Pro 
S Ser 

SuccAla 
— m tpiir 



Lysine 
Methionine 

naphthyl -alanine analogues 

0-n-butyl-tyrosine 

O-n-liexyl-tyrosine 

Ornithine 

para-amino-phenylalanine 

6 e-cyclopentamethy 1 ene-2 - 

A^inosuberic acid analogues 

Penicillamine 

Phenylalanine 

para-chloro-phenylalanine 

phenylglycine 
para-iotio-phenylalanine 
aiuino-B, , B-pentamethylene-B- 
mercaptopropionic acid 

s - p e n t a m e t h y 1 e n.e - B - 

mercaptopropionic acid analogues 
para-nitro-phenylalanine 

Proline 
Serine 

Succ iny 1 - al an ine 

Theonine 



W Trp 
y Tyr 

TyrMe 
V Val 

2-Nal 

3,5-diiodo-Tyr 



Tryptoplian 
Tyrosine 

O-methy 1 -Tyr OS ine 
Valine 

(2-naphthyl) alanine 
3 , 5-diiodo-tyrosine 



30 



AS used herein, the term "hydrophobic" is intended to 
include those amino acids, amino acid derivatives amxno 
acid mimics and chemical moieties whxch "^'^-P"^^^" 
Hydrophobic amino acids include Phe, Val, Trp He and Leu 
Other hydrophobic moieties useful in the xnventxon are 
3S ^rMe, pLcI and Ch. O-n-hexyl-Tyr, 3 . 5-diiodo-Tyr , Hpa, 2- 
^1, ;-n-butyl-Tyr, p-nitro-Phe, Phg, P-iodo-Phe, P-amxno- 
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Pile and cit, 

^^^^^T^TZT:^^T-:^ "positively Charge. „oiety» 
^° -cnose amino acids, amino acid derivai--!vo= • 
5 acxd :nimics and chemical moieties which all : 

charged. PositlT,oi,r ^ ^® positively 

exa-ple, l^yl^T^^ n '^T '""^ 
*- f Jjys, Arg and His and orn. 

Although the invention will b« ^ 
10 reference to RCD J!^ <^escribed with 



15 



20 



-=j.«j.exice to RGD rec*»n-*-«-»- w ^- 

understood that fun^^ , ''"^ Peptides, it 

Bicilled m t^f L K ^'"^'^^-^^ >-°- to those 

-«.o.t departitr r/4e~rr:: r ~ 

Skilled In the art win J" ° ^"vention. one 

equivalents to practice th» ■ ^-""""al 

practice the invention described herein. 

It is now well-established that th<. 
sequence egd is the cell bi„^- ^=i"* 
P-tei„., l„.,„,^, .orL.p^ "L^"^ ^ ~ °^ 

and t^e XV collagen. ■r^ Zl iJ^lrsZTlJ'^^''' 
J=y a family of cell "^'■"g site is recognized 

Platelets contain a laT/ ^ integrins. 

v-uxitain a large repertoire of Rcn-r^^i n 
receptors, each of which recogni.es o^ 
«=atain±„g— l-i-g^-sa^ to perforT : °° 
functions. CP lib/ixia i. .""""'^ Physiological 



25 functions. GP lib/izTa 1 , various physiological 

in Platelets. ^e Tig" " '"^"^^ "^^'^ 

include fibrinogen U rh" se™::! ^ "^--^ 
is primarily responsible P-fteins. gp la/^^^^ 

Platelets to forx. aggrettUfr!"* ^"^-tion with other 

30 the endothelial surSI! * interactions with 

development of ^T^^ t.Z'''^:^^ ^''^ 
in soluble form kgd Z^^H thrombosis. when provided 

or Platelet >.^^:z^z:z::iZT 

containing ligands Se^ -Fo °°»Pet:ition with other RGD 

Herein by reference. "'^"'2^^'. ''^^^ch are incorporated 
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Because prolongation of bleeding time can be an 
undesirable side effect of thrombolytic therapy the present 
peptides which do not have this side effect are extremely 
useful. The effect of a peptide on bleeding time can be 
easily determined by one skilled in the art using for 
example, a protocol as described in Example VII 6. 
Hemodynamic Responses. 



10 



30 



Unexpectedly, the presence of a positively-charged 
moiety in the "+4 position" of the RGD binding site, i.e., 
the position adjacent to the residue in the X position of 
the sequence RGDX, confers the characteristic of not 
prolonging bleeding time to platelet aggregation inhibiting 
peptides. Illustrative of such a peptide is Ac-CNPRGD(Y- 
15 OMe)RCNH2 ("SX") . Such a positive charge can, for example, 
result from the presence of a positively charged amino 
acid, such as Arg or Lys homo-Arg or ornithine, in the +4 
position. Alternatively, an amino acid derivative or amino 
acid mimic having a positive charge in the +4 position can 
20 produce the desired effect. In addition, a positively 
charged chemical moiety which is spatially arrayed so as to 
occupy substantially such a position can also confer the 

eharaeteri-st-i-G Such-a mr>j.et.y-ne,e.d_not be linearly arrayed- 

in the +4 position so long as its positive charge occupies 
25 substantially the same spatial site as that occupied by the 
guanidino side chain 8X, supra. 



The peptides of the present invention can be 
synthesized by any. of the suitable methods well Icnown in 
the art including methods of chemical synthesis. 
Preferably, the linear sequence is synthesized using 
commercially available automated peptide synthesizers such 
as those manufactured by Applied Biosystems, Inc., roster 
35 City, CA. The material so synthesized can be precipitated 
and further purified, for example by high performance 
liquid chromatography (HPLC) . Although a purity of greater 
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t*an 95 percent for the synthesizes peptide is preferred 
lower purity may be acceptable. 

TO Obtain on. of the enhanced peptides of the present 
s invention which have a hi^h potency for inhibiting ZllZl 
-ggracration and which do not cause prolonged bleeding wh^n 
administered to an animal, the synthesized peptiL " 
oyclized using methods well taown in the art. Cyclization 

10 containing amino acids, or other moieties through a 
disulfide bond. Examples of useful sulphur-contalLg 
moieties are cys and Pen and Pmp. Alternatively 
cyclization can be accomplished through the formation of I 

bride. K sulfhydryls, a disulfid; 

teidge can be formed by oxidizing a dilute agueous solution 
Of the peptides with K^tF.t™,.,. other residues, such ls 

structure through a disulfide bond between Pmp and Oys (or 
^ " =t-=^-es, and an al^cyl bond between Pas and » 
^ino acid methylene moiety ,or similar structures,, othe" 
means Of cyclizing, which are ^own in the art, can also L 



also Z ^'"^ °' * Won can 

also be prepared by forming a peptide bond between non- 

peptide bond is provided in Schiller et al mt 7 
Peptide Protein Res. 25-171 fi=,»=, ^. ' . ' 

30 herein by reference. LU^ '^LcTic ^'r""^"^'^' 
«Tr«4->, • ^ ajTierxy, cyclic peptides can be 

olo^^r""! ™ resin by assembling t^e 

peptide Chain using H--n.oc-amino acids and Boc ^ 
tertiary-butyl protein. ^ 



35 



Side-Chain to side-chain cyclizations can be perf orm»rt 

wit^ o^;::: ^""^^'^^ ^ "^'"^ K.-Boc-amino acids c^::: 

With OFm/Fmoc Side-Chain protection for ,^p an! ^^s 
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residues as described by Felix et al. Int. J. Peptide 
Progein Res. 31:231 (1988), which is incorporated herein by 
reference. Alternatively, side-chain to baOibone 

cyclizations can be performed using this procedure or in 
5 combination with the procedure described in the preceeding 
paragraph . 

Alternative methods of making cyclized peptides are 
disclosed, for example, in WO . 91/01331 entitled "SMALL 
10 CYCLIC PEPTIDE AGGREGATION INHIBITORS," published T 
February 1991. As described therein, for example, 
Bromoacetyl-Gly-Arg (g-2 ,2,5,7, 8-pentamethylchroman-B- 
sulf onyl) -Gly-Asp(beta-t-butyl) -cys(S-triphenylmethyl) -O- 

(polymer resin) can be prepared using standard solid phase 
15 peptide synthesis utilizing f luorenylmethoxycarbonyl (FMOC) 
protecting group chemistry on a p-alkoxybenzyl alcohol 
resin. Repeated treatment of the resin bound peptide with 
a 1% solution of trif luoroacetic acid in dichloromethane 
results in cleavage of the S-triphenylmethyl group as 
20 evidenced by the bright yellow of the solution. Treatment 
is continued until dissipation of the yellow color (ca. 1.5 
L of the cleavage solution is required per gram of resin 



-bound — peptide-)^ — Af-te-r — complete cl^.a3tag^ the 



S- 



triphenylmethyl group, the resin bound peptide is washed 
25 several times with a 5% solution of N-methylmorpholine in 
N,N-dimethylacetamide and then shaken in pure N,N- 
dimethylacetamide for 12 hours to complete the cyclization. 
Treatment of the cyclized resin bound peptide with 
trif luoroacetic acid containing (v/v) 1% phenol, 1% anisole 
30 and 1% ethanedithiol effects concomitant cleavage of the 
remaining protective groups and cleavage of the desired 
product from the resin, which can then be purified, for 
example by HPLC using a4.6mmx250mm column containing 
10 micron, 300 Angstrom pore size c-18 packing. The 
35 elution of the column was with an acetonitrile 0 . 1% aqueous 
trif luoroacetic acid gradient going from 0% - 4 0% 
acetonitrile linearly over 80 minutes. 
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. . I included in the present invention can contain 
a hydrophobxc .oiety adjacent the carboxy terminus of the 
HGD sequence. The hydrophobic Boieties can have a range of 
structural types and hydrophobicities . Appropriat! 
5 hydrophobic .oieties include for example Phe, Trp vaT 

Sr' !T^' O-n-hexyl-Tyr, S^s-diiodol 

Tyr, Hpa, 2-Nal, O-n-butyl-iyr and the like. Such peptides 
can be represented as x x x x rnv w . ^"^P^^^^^ 

V ^ ^ , . ^^^z^3,^A^^^5^6^7 wherein X:, is a 

hya.=pl.ob.c moiety, X, ^ ^ cap.bli of 

10 tor.^, a bridge, such as a disulfide bridge, al Jl bridl 

c;^^ ^TZ - -es e ^le'ties 

ac=ids. When the „u»*er of residues of X, is one x Is 
preferably a Gly; „he„ the number of residues Is grLe" 

Tt TV T "^'"^'^ "^■"'■'^^ PreferablyTsT 
X3 xs 1 to 10 amxno acids, preferably vlth His or Pro as tie 

ZTZ T'"^' ^ =™ aJl aolt 

such as Arg or x,ys. Speoifio peptides of this nature 

include CE^^OHEaaffic,, hp^^sHBCEE^, 
RlM=a!IElS^SBaS£3l, Sfai.-Pm„>^,--r,f^--,r-r 
' '/^"-PW.) r!HPr, pT,prR, Rrt-bu t -„„-p^^ --Tt PTT'-TT. : 

- ^^^s^^' .=-™l^ 

Alternatively, the peptides ean be represented as . 
oo»posxtio„ Of Matter comprising an bl^lnt site 

30 r::^^' ti: ^^^"^^ ^- ^ -^--ei/^^a:::: 

amno acid, x, 1= one or more amino acid or other moiety so 

:L:e\„~ri/r^:,:rrr '"""^^ ™^ - 

IS a positively charged moiety located In 
appropriate spatial pro^cimity to said binding site so t»>at 
upon administration of the composition to an ani^^i 
bleeding time is not substantially increased ov=r 
an untreated aniinal. ^ °^ 
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Pet3tides having sequences other than those 
specifi'cally identified herein are also included in the 
invention provided they " e^ihit the requisite functional 
criteria. Peptides which have high anti-throxnbotxc 
activity and which do not prolong bleeding time can be 
synthesized and tested using the teachings described 
herein. Such peptides once synthesized can be tested for 
anti-throxnbotic activity using, for example, the platelet 
aggregation assays described in Example V. The relative 
affinity of the peptide for the various integrin receptors 
can be tested using, for example, the liposome binding 
assay of Example IV or the ELISA assays of Example III- 
peptides exhibiting high potency for inhibiting platelet 
aggregation and also showing high affinity for GPII.IH, and 
low affinity for the fibronectin and vitronectin receptors 
should be selected to determine their effect on bleedxng 
time. Animal models such as the baboon models or rabbit 
models described in Examples VIII and IX can be used to 
assess bleeding time. After the peptides are administered, 
the effect can be monitored by cutting the animal and 
allowing it to bleed onto an absorbent towel or tissue. 
The length of time until the bleeding stops should be 
compare d-tb---irhe-anima-ls-bl-eedj.ng_time_wJJA out peptide 



comparea ^^^^^ . ^ 

administration. Peptides which fall within the teachings 
25 described herein will not increase the bleeding greater 
than about 2-fold over that of an untreated control. Thus, 
one Skilled in the art can use the teachings of the 
invention to make and test a variety of peptides having the 
generic structures described herein - 

3 0 in another aspect of the invention, peptides are 

provided that possess relatively high affinity for the 
receptor Ilb/IIIa and low affinity for the fibronectin and 
vitronectin receptors. Such Ilb/IIIa affinity can be 
determined, as for example, by a liposome attachment assay, 

35 as described in Examples IV and VI or in a platelet 
aggregation assay as described in Example V. Peptides 
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Characterised Ixi^h a«i„ity ^cr IlVKIa will have an 

as msasurecJ under the assav t-o„/n*' 
Examples iv and vi 1 .== "Motions provided in 

than ^ou^ Z " '!!! preferably less 

5 Altsrrn.,. • , preferably about 0.1 ™ 

5 Alternatively, affinity for llb/TiT, =,= . 
Example V vlii have L IC, of less *h 

^ .ess than about ?«:^rprrrabrLrt 

peptTJ r^T; Tf^Li't^ ITT 

neater than about 10 i„„ afftity ^l^'^^^ 
receptor is greater than about 1 IrL K, 

o-er to LTzr^:i: z.^t'- ~ 

therefore bindin, afSlttien^dT 

hl^h affinity for the IWIIXa and 1 "'T. """^^ "^^'"^ 
^ibronectin and vitronectin ":LptL '' '"-^ 



15 



20 



25 



...fe^^la^^t^Lt r bi^r 

SPXI^XII., and do not result , """""" "^""^ '° 

tl-e. ^or e.a.ple, t^rpeptL T'""''^^- « '"^^eding 
i-^iblts the bindin; of firi^^entr"' T"" " 
it inhibits the binding of v J Bl^^ f ^"'/^^I^ more than 
30 sane Integrln. BUlebrand factor to the 



35 



administering to , «>ro»b°tlc conditions by 

tberapeuticariy Ir.:^:^.^^^ p^r^ ^ 

rrivr^eTr.? r""^^' «^-nffe«iv: 

11 be 1 to so ng/xg/hr body weight, preferably 
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about 1 to 5 mg/kg body weight. Appropriate effective 
amounts can be easily determined by those slcilled xn the 
art The peptide can be administered in a variety of ways, 
as for example, by infusion or injection. I^ength of 
5 treatment can be determined by monitoring effect. 

The claimed subject matter includes a coiuposition of 
matter comprising a cyclic RGD containing ^^^^^^^^^^f ! ^ 
hydrophobic moiety adjacent the carboxy terminus of the RGD 
10 sequence. In one embodiment, a composition of matter 
coSrising a cyclic peptide having the se^ence 
X,X,X3X,GDW, Wherein X, and X, comprise moxetxes -P-^^- °^ 
fo4Lg a bridge,. X, is one or more amino acxds and X and 
X are zero to 20 amino acids and X^ comprises a hydrophobxc 
15 moiety and X, is a positively charged amino acid. In 
another en±,odiment, a composition of matter comprising . an 
RGD-binding site containing cyclic peptide having platelet 
aggregation inhibiting activity without substantially 
prolonging bleeding time. In a further embodiment, a 
20 composition of matter comprising an -X.GDX,*- bindxng sxte 
containing cyclic peptide wherein X, is a positively charged 
amino acid, X, is one or more amino acid or other moiety so 
a^o-confer-p-l-at-e-let-aggreg^tio n inhibiting activity and 



25 



30 



35 



Wherein * is a positively charged moiety located xn 
appropriate spatial proximity to said binding site so that 
upon administration of the composition to an anxmal,. 
bleeding time is not substantially increased over that of 
an untreated animal. Other peptides include a peptxde 
selected from the group consisting of: 

E£enGRSESZESR 
r rPoTtffTTRGDIJlCA 
T ?T>eiiGHRGDWRCR 
PT>P.nGHRG r> ( ChA) RCR 
Pm pGHRGDIiRC A 
i z (riPen^ GHRGDLRCA 
T ? (aTn-Pmr. ) nTTRGDWRCR 
p ( am-Pmpt GP Pf^r) f TvrMe^ RCR 
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Rf t-but~am--Ptnp> ,7:^^pT^pp^ 

Ac-CNPBGDiXzfiMeJLgSNH^ 

Ac-£lJpgG2XX=OMei£S-NH2 
Ac-gNPRGnfo-w-r..,^..^ yl^. ^^^^ 



10 



THese compositions can be combined with . h • 
acceptable carrier and used - ■ "^"^"^"^^"^^^^ 



and used to treat i-h™^, ■ 
vascular graft occlusion. thrombosis 



15 



■EXAMPT.P T 
Peptide Synthesis 



Peptides were synthees-i 
synthesizer (Model 43 OA . ^" automated peptide 

20 California „SA, \tlZ' ^ ^i-^-*--- Foster city. 

Chemistry on rJ^lTL ~ Py-olldone 

^^ ^.^ the pept"de3%^°T'"^^ t ^e-Manu..aot^.^ 

XOO. hydrogen «e ^^^'I™ ^deT'" "'^ 
by HPIC using a VYDAC reverse S.! ! '""^""^ ""-"i^^ 

" aoetonitrlle gradients. tZtlT^ " "'^ " '° 

tofe>g8^p^^_ "^-^^ only If f 

I^edlately prior to addition L tT ^° 
bul>hled through the ™t« Jr 
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persisted for 5 minutes (approximately 5 lal) . The pH of 
the solution was held at 7 . 0 throughout this procedure by 
addition of NH^OH. The solution was allowed to stand for 20 
hours under low vacuxm and then lyophilized. Excess 
5 KjCreCCN)^] was removed by passing the cyclized material 
over a Sephadex G-15 column (1.8 x 120 cm). The peptide 
was purified by reverse phase HPLC using a Waters Bondapak 
C,„ column (3 X 30. cm; 10 m packing) (Waters Assoc., 
Milford, MA) . The peptide was loaded on the column m 
10 buffer A (20 mM ammonium acetate at pH 7.5) and eluted with 
a gradient of buffer B consisting of .60% acetonitrile and 
40% buffer A. Eluted fractions were tested for their 
ability to inhibit receptor binding. 

15 The major peak obtained from the C^g column constituted 

90% of recovered peptide and was deduced to be a monomeric 
cyclic peptide because it was retained on the column for 
the length of time predicted for that sequence and because 
the uncyclized material and multimeric forms were well 

20 separated from the main peak. 



EXAMPLE II 



Receptor and Ligand Purifications 

25 Receptors were purified according to the procedures of 

Pytela et al. (Methods Enzymol. 144:475 (1987)), 
incorporated herein by reference. Briefly, vitronectin 
receptor (Vn-R) was purified by RGD peptide-af f inity 
chromatography from (100 mM) octyl glucoside (OG) extracted 

30 human placenta. After extraction, the suspension was 
filtered over a Sepharose 6B column and then applied to a 
GRGDSPK column. Except where stated, all procedures were 
carried out at 4'C. The peptide column was washed with 
three volumes of Tris-buf f ered saline (TBS) containing 1 mM 

35 Ca^* and 25 mM OG and then with TBS containing 1 mM Ca^* and 
25 mM octyl thioglucoside (OTG) at room temperature. 
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llTZZnt'"^-"^'^^^''' temperature 
with containing 20 MM EDTA and 25 inM OTG. Finallv c.^* 

and «g« were addaa to eluted fractions to achieve iiral 
concentrations of 1 mi for both ions. 

Pibronectln receptor (Fn-E) was similarly purified 
from (100 M,, octyl glucoside-extracted human place" 
using a procedure identical to that for the Vn4 up ! 
including the initial Sepharose chromato^eply st " Zl 
sepharose SB column flow-through was Brought toT^ 2^ 
and the resulting solution was run over a ifo ^ 
f ibronectin fragment-affinity column. Washing aL elutio^ 
Steps were identical to those us«r. . ej.ution 

receptor. Purxfying vitronectin 

outdatTi^XL^r" ™ir r Tt""^ 
ZTM :r r - - r Kar;rr, : « 

=e.i: r terin^T^^-— -Of ^ -^^r^ 
100 1 mn ca2Cl„ and followed by centrifu^a'tio; llT ol'o 

ipLatr onr""^ ^= — ^ - 

0.05% „aN3 and eluted with o 2 M T V; 
25 Fractions are pooled and 7 "-"sthylmannoslde . 

column. The tl^„ T- ^ ^^^^^-agaro^^ 

an ^con 30 ^1^/ J^a ^"i concentrated on 

»1. The -ncent^ttHsVen :;ri;/r''^°=^^'-^'^^- 

(500 ml) and 6 ml fraoti^c 
30 oo„<- ■ • " fractions are collected. The GPIl ttt 

30 containing fractions are collected ^ ^ 

80-c. collected, pooled and stored at - 

The purification of 

essentially as described ^y llJ^s^^^Z Tr 
J5 Med. 507 (1974)) Br^'.^i ' ^^i"' 

fibrinogen (kIV ."^^'Is \i °^ 

1 «5302) IS dissolved in 150 jm NaCl. 
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saturated (NH,),SO, is added dropwise with stirring to ttxe 
fibrinogen solution to obtain about 16% saturation. The 
precipitate is spun down in appropriate size bottles at 
2000 X g. The supernatant is decanted and the precipitate 
resuspended in 150 onM NaCl (approximately 50% of the 
original volume) . NH.SO, is again added dropwise to obtaxn 
16% saturation. The suspension is spun down and the 
precipitate is resuspended in Tris-saline in a mxnxmal 
volume (approximately 5% of the original volume). Any 
remaining insoluble material is spun down at 200O rpm xn a 
sorval type centrifuge and the fibrinogen supernatant is 
decanted and dialyzed overnight at 4-C against Tris-saline. 
Characterization of . the fibrinogen is by the Bradford 
protein assay, SDS-PAGE, and/or Western blotting using well 
15 Icnown standard procedures. 



III 

Enzyme-Linked Immunosorbent Assays (ELISA) 

20 1. Human Vitronectin-Vitronectin Receptor (a^Bj) ELISA 
Assay 

Human vitronectin (Vn) is isolated from human plasma 
and purified by affinity chromatography by the method of 
25 Yatohgo et al., (Cell Structure and Function 13:281-292 
(1988))- 

The purity of each receptor was assessed with SDS-PAGE 
under reducing and non-reducing conditions. Each receptor 
30 was flash-^frozen in liquid nitrogen and stored frozen untxl 
use. 

2. Fibronectin Receptor (Fn-R) ELISA Assay 

Peptide binding to purified Fn-R was determined 
by using a competitive enzyme-linked immunosorbent assay 



35 
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(EUSA) in «hioh flbronectin is l^nobili^ea and the bindlna 
Of solubili.ea P„-a and the bindin, .clubili.^d p«^''^ 
the presence of various concentrations of peptide analL^ 

a labelled anti-rabbit igG conjugate. 

Microtiter plates were coated with no of hu:nan 

three txme. with TBS that contained 0.05% Tween 20 tn 
> inxcroliters of receptor in tbs cnlL 

oct.lg.._..3 and 2 ^ ..Cl3 was'a^edTo'er leir 
microliters of Dentide. -fr, weii. 50 

XO-f oXd serial 'dtutLs Jr^aT" '■^"^'^ 
■Hh^^^ ^ions. The plates were incubated for 

^Ltr Jr~Va%1i™ - - - 
water. A«inity-purified goat anti-rabbit Igc c^^juaa^l 

.oo„ te^'riLre :r.::r " "^"--^ « 

f auure. The following day, the r.i 

washed twice with TBS-Tween and thL ^ V ■ . ''^''^ 

..^ x-ween and then distilled watg-r i nn 

,i.,.3.e (10 ™g O-phenylenedia^ine i: 2S^ 

0.1 M citrate-phosphate buffer, pH 5 0 r.ll 

microliters of 3 w n ^ ^ ' ^^^^ 

ex-s or 30% H2O2) was added to the plates ar^r? an 



30 



35 



3. Fibrinogen - GPIlbllla Receptor EMSA (Pg/Ilbllia, 

- axio„ed to 3t^/o.LiVranT'^rpi:ter"'' 

«ashea three times «ith pbs T„een o 137 Tl ^, 

«^0„ PH 7.4 at room temperature, 0.05% 
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Tween-20 and blocked for 1 to 2 hours at room temperature 
with 200 Ml/well TNCNT (which is 0.5% BSA, 2 OmM Tris , pH 
7.5 at room temperature, 120iiiM NaCl , 0.2% NaN,, 2inM CaClj, 
0.05% Tween 20, [Calbiochem RIA grade or better]) on a 
5 plate shaker. The plates were again washed three times 
with PBS/Tween and 50 ^ll of sample in TNCNT is added. " the 
mixture was incubated for 15 minutes at room temperature on 
a plate shaker. The stock solution of purified GPXX^;LXX^ 
receptor from human platelets, (0.4 - 1.0 mg/ml GPIIblUa in 
10 0.1% Triton X-100, imM CaClj, 20 mM Tris, 150 mM NaCl, 0.05% 
NaNj in 0.3 M N-acetyl glucosamine pH 7.5, stored at -70*'C) , 
was reconstituted in TNCNT. Fifty fxl of this diluted 
GPIIbllla was then added to each well and incubated on a 
plate shaker at room temperature. After one hour, the 
15 plates were washed four times with PBS/Tween and 100 ^1 of 
a polyclonal or monoclonal antibody specific for GPIII^. such 
as AP3 (1 fig/Tol) (See e.g. Newman et al.. Blood, 65:227-232 
(1985)) and ELISA buffer (PBS, 0.5 BSA, 0.05% Tween 20, 
' 0.01% Thimerasol) was added. After one hour incubation at 
20 room temperatiire on a plate shaker, the samples were washed 
4 times with PBS/Tween. 100 ill of GAMHRP (horse radish 
peroxidase conjugate of goat anti-mouse IgG (Pel -Freeze 
Cat. 7r ^Tns-i) disso lved in. ELISA buffer) ..pr.eviou.sly 



diluted to 1:10,000 was then added and incubated 1 hour at 
25 room temperature on a plate shaker. Samples were tben 
washed 4 times with PBS/Tween and 100 ml OPD/HgOg substrate 
was added (OPD/HjOj. substrate: dissolve 10 mg o- 
phenylenediamine in 15 ml phosphate/citrate buffer, kept at 
room temperature, in a 50 ml Falcon™ ttibe covered with 
30 foil; just before use, 6.25 nl of 30% HgOj is added to give 
a final solution of 0.67 mg OPD/ml in 0.0125% H2O2) . (The 
phosphate/citrate buffer consists of 16 mM Citric Acid, 50 
mM Na2HP0^, pH 5.0). The color developed within 3 to 2 0 
minutes and the reaction was stopped with 100 ^1 1 M B^SO^. 
35 The optical density at 492 nm vs 405 nm was recorded and 
ICjQ values are determined. 
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4. Vitronectin-Vitronectin Receptor ELISA (Vn/VnR) 

Anti-GPiij,iii^ monoclonal antibodies specific for human 
GPIII^ was prepared by the method of Newman et al. (Blood, 
65:227-232 (1985)), or a similar procedure. This mouse Mab 
is specific for the B3 subunit of the vitronectin receptor. 
Rabbit Fab 2 anti-mouse Fc fragment horse radish peroxidase 
conjugate (anti-MuPc HRP) was obtained from PelPreeze (Cat. 
No. 715305-1). 



10 



15 



Maxisorp microtiter plates were coated with 2 /xg/ml 
human vitronectin dissolved in PBS (50 ml/well) and stored 
overnight at 4-C. The plates were washed two times with 
PBS-o.G5% Tween-20 (wash buffer) and blocked by incubating 
with about 150 Ml/well of assay buffer (1%, BSA (RIA grade 
or better) in 50 mM Tris-HCl, 100 mM NaCl, 1 mM Mgcl2, 
CaCl2, MnClj pH 7.4) for 60 minutes. Dilutions of standards 
were prepared and putative inhibitors (Table 2) were 
dissolved in assay buffer- The blocked plates were emptied 
and 20 Ml/well of inhibitor or standard solution was added 
20 to each well. Twenty-five ^1 of a 30 /.g/ml solution of 
purified a^Bj in assay buffer was pipetted into the coated 
plate. The final concentration of receptor in the assay 
"^^-L was about 15 /zg/ml. The plate was incubated on a 
shaJcer for 60 minutes. Meanwhile, for each microtite 
25 plate, 6 ml buffer solution containing 1.5 ng/ml of mouse 
monoclonal antibody specific for 63 is prepared. To this 
solution was added the secondary antibody, which is anti- 
mouse-Fc-HRP antibody conjugate. For example, for one 
plate, 6 ml of a 1.5 fig/ml mouse Mab solution was prepared 
30 to which was added 1 m of anti-mouse-Pc-HRP antibody 
stock, (this represents a 1:6000 dilution of the antibody - 
HRP conjugate). This mixture was allowed to incubate 
during the receptor-inhibitor incubation. The assay plates 
were washed 4 times with PBS-Tween and 50 /xl/well of the 
antibody mixture was then pipetted into the" plate for a 60 
minute incubation. The plate was washed 4 times and the 
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color reaction was developed with 50 Ml/well of 0.67 .g/ml 
o-phenyldiamine in PBS containing 0.0X2. HO 

. , -i^ ^Tjs r-iti-ic acid, 50 mM NasPO^ at pH 5.0 can 
Alternatively, 16 mM cxtric acxu, . ^ 

v.^^--^=+o buffer The reaction is stopped 
be used as a siibstrate burrer. x ^ ^ >,np 

5 with 50 Ml/«ell 1 N H,SO,. The plates were read at 492-405 
nm and the data analyzed by four-parameters fit. 

5. von Willebrand Factor - , GPII.IH, Receptor ELISA 

10 (vWf/IIt,IIIa) 

Microtiter plates were coated with 1-0 /xg/ml GPII.IH,, 
prepared by the method of Fitzgerald et al., (Anal. 
Biochem. 151:169-177 (1985)) and allowed to incubate 
15 overnight in coat buffer. The plates were then washed 
three times in wash buffer (0.05% Tween 20 in PBS) and 150 
ul of assay buffer was added and allowed to incubate for 1- 
2 hours at room temperature on plate shaker. The plates 
were washed three times and 50 Ml of 2x inhibitor in assay 
20 buffer (Assay buffer: 0.5% BSA/50 mM Trix, lOO xnM NaCl, 
1.0 mM CaCl,, 1.0 mM MgCl^, 1.0 ^ MnCl,; coat buffer was the 
same but without BSA) was added. Fifty m1 of 4.0 pg/ml vWF 
-(prepa-re-d-^s-desc-r-lbed-by-Ledfoxd_e t al. . Thrombosis and 



Hemostasis, 64 (4) :569-575 (1990)) in assay buffer was then 
25 added and allowed to incubate for one hour at room 
temperature on plate-shaker. The plates were washed three 
times and the antibody mixture was added (1:5000 of mouse 
anti-vWF and 1:5000 of rabbit-anti-mouse-Fc-HRP , both 
commercially available) in assay buffer and incubated for 
30 1 hour at room temperature on plate-shaker. Plates were 
again washed three times and 100 Ml of substrate solution 
(10 mg OPD, 6-5 Ml 15 ml phosphate citrate buffer) was 

added and incubated at room temperature. The color change 
of OPD/H3O3 reagent was read at 492 nm with a 405 nm 
35 reference wavelength on the filter photometer. 
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EXAMPLE TV 

Liposome Attachment Assay for Vitronectin Receptor (Vn-R) 

This assay was performed with minor modifications 
5 according to the method of Pytela et al,, Methods Enzymol! 
144:475 (1987), incorporated herein by reference. Briefly 
1:4 mixture of labelled and unlabelled phosphatidylcholine 
(PC) liposomes was dissolved under nitrogen and diluted 
with an equal volume of purified receptor (purified as 
described in Example II) to achieve a fixed predetermined 
receptor-liposome concentration ratio. This mixture was 
then dialyzed overnight at 4»C in phosphate buffered saline 
(PBS) containing l :„m C^'\ An aliquot of the dialyzed 
sample was counted to assess radioactive content; the 
receptor-liposome mixture was then diluted to obtain a set 
radioactivity per unit volume.. 
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Microtiter plates were coated with lo of 
Vitronectin. Non-specific sites were blocked for 2 hours 
at 37-c in PBS containing 5 mg/ml BSA and 1 mM each of caci 
and Mgci^. The plates were then rinsed twice with PBS 
containing 1 mM Ca*^ and Mg*^ and lOO ^1 of the liposome- 
receptor mixture was added to each well. if neceasarj^ 
-T>^txdes were added before this step in a l-lo% dilution 
The plates were then incubated at 4'C for 24 hours. The 
following day, the liquid in each well was aspirated and 
the plates were washed twice with PBS containing i mM Ca*^ 
and Mg . Finally, icq of 2% SDS was added, the plates 
were shaken for 10-15 minutes, and the supernatants were 
collected, vortexed, and subjected to liquid scintillation 
counting. This procedure typically yielded ca. 1000 total 
and 100 non-specific counts per well. 
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FYAMPLE V 

Platelet Aggregation and Potencies of 
. Hydrophobically Enhanced RGD Peptides 

5 Platelet aggregation was assessed using the method of 

Born, Nature 194:927-929 (1962), incorporated herein by 
reference. Briefly, the change in light transmission was 
measured through a stirred suspension of platelets in an 
aggregometer (Model 400 VS, Chrono-Log, Havertown, PA, 

10 USA) . Studies employing ADP were performed with platelet- 
rich plasma (PRP) , which was obtained by low-speed 
centrifugation (200 x g for 10 min.) of whole blood freshly 
drawn into trisodium citrate (at a final concentration of 
11 mM) . In studies using thrombin, the PRP was gel- 

15 filtered on Sepharose 2B in divalent ion-free Tyrode's 
solution containing 2% BSA. For all studies, the reference 
standard was platelet-poor plasma, which was obtained by 
centrifuging PRP at 1000 x g for 5 min. 

20 All aggregation studies were performed at 21 °C with a 

constantly stirred suspension of 3 x 10^ platelets/ml. 
(Platelet cotrnt was determined with the aid of a 

. ^hemacy-tometer-w-) P_eptides and- stimulants were added to 

these suspensions in 1% dilutions. The PRP and gel- 
25 filtered platelets were used within three hours from the 
time of blood collection. 

Peptide anti-aggregation potencies were determined 
from dose-responsive curves for the inhibition of the 
30 maximtam aggregation responses stimulated by physiologic 
doses of ADP (10 jum) and thrombin (2 U/ml) . The 50% 
inhibitory concentration of each peptide (ICg^) was 
determined by regression analysis of these curves. 
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In an independent study, a slightly modified 
aggregation assay was used. The modified method was as 
follows and the results are shown in Table II. Platelet 
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aggregation assays were performed in hioman platelet rich 
plasma (PEP) . Fifty milliliters of whole human blood (9 
parts) was drawn on 3.6% sodium citrate (i part) from a 
donor who had not taken aspirin or related medications for 
at least two weeks. The blood was centrifuged at 160 x g 
for 10 minutes at 22 'C and allowed to stand for 5 minutes 
after which the prp was decanted. Platelet poor plasma 
(PPP) was isolated from the remaining blood after 
centrifugation at 2000 x g for 25 minutes. The platelet 
count of the PEP was diluted to about 300,000 platelets per 
microliter with PPP. 
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A 225 m aliquot of PRP plus 25 fil of either a 
dilution of the test inhibitor sample or a control (PBS) 
was incubated for 5 minutes in a Chrono-log whole Blood 
Aggregometer at 37'C. An aggregating agent (collagen, i 
/xg/ml; U46619, 100 ng/ml; or ADP, .17 m) was added and the 
transmission was recorded. 

The hydrophobically enhanced RGD peptides have been 
grouped into four distinguishable classes for systematic 
comparison. They are (1) cyclic RGD peptides which vary 
the s xze and hydrophobicity of the moiety at the posit^r^x, 
-a-mme-d-iairexy following the Asp residue in the tripeptide RGD 
(the first and last position as depicted in Table I may 
vary by substitution with Arg) ; (2) cyclic RGD peptides 
Which vary the size and hydrophobicity of the bridging 
structure for cyclization; (3) cyclic RGD peptides which 
vary the size and hydrophobicity of both the bridging 
structure and the residue immediately following the Asp 
residue in the tripeptide RGD and (4) cyclic RGD peptides 
which fall into one of the above three classes and also 
vary the charge at the residue adjacent to the hydrophobic 
moiety, other RGD peptides, both linear and cyclized, are 
included in Table I for comparison. Underlining indicates 
a bridge between the first and last residue included in the 
underlined portion. 
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As shown in Table I, each class of cyclized., 
hydrophobically enhanced RGD peptide analogue demonstirated 
inhibitory effects on platelets stimulated with thrombin or 
ADP. Eight analogues had inhibitory potencies (XC50) less 
5 than or approximately equal to 10 fxm against thrombin- 
stimulated platelet aggregation while as many as twenty-two 
demonstrated inhibitory potencies in this range for the 
ADP-stimulated response. For example, the inclusion of 
hydrophobic residues phenylalanine (F) and tryptophan (W) 

10 in the "X" position of template structures GPenGRGD-X-PCA 
and G PenGHRGD-X-RCA imparted greater anti-aggregation 
inhibitory potency relative to GPenGRGDSPCA and 
G PenGHRGDIiRCA . This effect was further enhanced by other 
non-natural hydrophobic structures, such as para-chloro- 

15 phenylalanine (PheCl) , and para-methyl -tyrosine (TyrMe) 

n-hexyl-tyrosine, 3,5 -diiodo-tryosine, O-n- butyl- 
tyrosine, p-nitro-phenyl alanine and the like in the same 
position. The inclusion of positively charged moieties 
such as arginine (R) or lysine (L) in the "X»* positions of 

20 X Pen-GRGDSPC A or X-PenGHRGDIRCA also increased anti- 
aggregation potency. Moreover, the inclusion of a 
positively charged moiety outside the cyclic structure also 
^ y-i-ei-ded--peptides--WjLth_,high_ potency , - •- — 



25 Organic mimic bridging structures were substituted for 

penicillamine and Pmp in the "X" position of the template 
structure f^- y-GHRGDU^CA . When substituted alone, tert- 
butyl-Pmp and amino-Pmp lessened peptide anti-aggregation 
potency. On the other hand, peptide derivatives containing 

3 0 these moieties and an N- terminal R significantly out- 
performed the previously disclosed cyclic RGD structures 
G PenGHRGDIRC A and PmoGHRGDIiRC A , in platelet aggregation 
assays. Finally, replacement of 1-Pen in G ( 1-Pen ) GHRGDLRCA 
by the d-form of penicillamine lowered anti-aggregation 

35 potency by 2-fold. 

The modifications described above have resulted in 
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iniiibitory potencies 10 to 250-fold more potent than the 
prototype GRGDSP linear peptide and 2 to 5-fold more potent 
than the initial conf ormationally restrained cyclic peptide 
GPenGRGDSPCA, The results from the independent study, 
5 shown in Table II, further corroborate these conclusions. 
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EXftMPT.K VT 

Peptide Receptor Selectivity 

in parallel studies with the platelet aggregation 

aSr^^r'^ (.escribed in V) , the ''apparent 

v"ron!^' °' ^^^""^^^^ fibronectin an. 

vxtronectxn receptors were determined. Receptor-binding 
assays (as described in Examples XXX and IV) with purified 
reeeptors, were used to assess the abilities of the 
XO peptides to displace the binding of receptors to th^^^ 
receptor-specific ligands. 



Shown in Table I, as a comparison with platelet 
xn^xb.tory potencies, are the relative affinities of e^ch 
15 peptide for the receptors shown. 

inK- '''''"^'-'"^ "^""-^ represented as the 50% 

inhibitory concentration of each peptide ric c:^ . 

.e.«.l„ea as .escri^a in .^..T.T^ ^l-ZZZl 
20 curves for the Inhibition of platelet aggregation Ts 
^or PnH „ere .eter^ined hy EI^SA (EKa„ple xil, . ^'ose 
vnl, ana OP ixh/XXIa were determined either by BXIs/or 
l.poeo.e attachment assay (^pie rv) . L ^.n " 

pretotype-p^gWaa-TT s used as a reference fo^ 

25 i=et„een assays for an individual peptide ' 

Table II provides the receptor binding data as a 

Sr:L"°" T' ^'"^'^^ 
,n ! ! ^"-^ " >^^Presented as the 50» 

a\""::::r =^ ~* -^•■"■^^ Thevaites::: 

all receptor assays »ere determined by elisa as described 

t™:ra:ti"' ==n=l.sions dra™ f_ ^^^^ 
3 5 \ anti-aggregation pot«,cies are parallel by their 

35 relative affinity for the Ilb/IIla receptor. 
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Fy AMPLE VII 
Efficacy Against Electrically Induced 
Canine Coronairy Thrombosis 

5 1. surgical Preparation and Instrumentation 

Male mongrel dogs weigHing 14 to 2 0 kg were selected 
based on proper aggregation of their platelets in response 
to arachidonic acid, collagen, and adenosine disphosphate 
10 (ADP) and based on similar weights and hemodynamic 
properties . 

Before surgery, the animals were anesthetized with 
sodium pentobarbital (30 mg/kg, i.v.) and then intubated 

15 and ventilated on room air with positive pressure using a 
respirator (Harvard Apparatus, S. Natick, MA) at a volume 
of 30 ml/kg and a frequency of 12 breaths/min- Surgery, 
performed under aseptic conditions, was begun with the 
placement of cannulae into the left carotid artery and 

20 jugular vein for monitoring arterial blood pressure 
(Statham P23 pressure transducer, Gould, Inc., 
Cardiovascular Products, Oxnard, CA) and administering 
— = ^intravenous— -fl-u-ids-i — ■. : . — : — z 



25 The heart was exposed via a left thoracotomy through 

the 5th intercostal space. A 2-cm segment of the left 
circumflex coronary artery (LCCA) was isolated from 
surrounding tissue by blunt dissection. This artery was 
instrumented from proximal to distal with an 

30 electromagnetic flow probe (Model 501, Carolina Medical 
Electronics, Inc., King, NC) , intra-coronary electrode, and 
screw occluder (see Figure 1) . The intra-coronary 
electrode was constructed by attaching a 2 5-gauge 
hypodermic needle tip to a 30-gauge Teflon-insulated 

35 silver-coated copper wire- The mechanical occluder was 
constructed of stainless steel in a C shape with a Teflon 
screw (2 mm diameter) on top. It was adjusted to control 
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10 



vessel circumference and decrease the reactive hyperemic 
flow due to a lo-sec (full) occlusion by 50-70% without 
affecting basal coronary blood flow (Figure i) . a 
monopolar epicardial electrode was sutured to the surface 
of the ventricle in the region of LCCA distribution to 
monitor ischemic changes in the electrocardiogram (ecg) . 
The left atrium was cannulated with polythylene tubing for 
administration of the peptide. Continuous recordings of 
blood pressure, lind3 lead li ECG, epicardial electrogram 
and mean and phasic LCCA blood flow were obtained on a 
Model 7 polygraph (Grass Instrument Co., Quincy, MA). 

2. Induction of coronary thrombosis 



15 



one hour after the completion of surgery, a 100 micro- 
amp continuous anodal direct current delivered from a 9 
volt nickel-cadmium battery was applied to the intimal 
surface of the LCCA. The anode of the battery was in 
serxes with a 250,000 ohm potentiometer and the 
20 xntraluminal coronary artery elecrtrode. The electric 
Circuit was completed by placing the cathode in a 
subcutaneous site. Electrical stimulation was applied for 
three hours. At the conclusion of each exnerixn en^, ... 
^-^-^ fibriiiated electrically and quickly removed, and 
25 the LCCA was dissected free as far as possible to verify 
the position of the implanted anodal electrode. 

For all ex vivo studies (see Figure 3), control 
aggregation values were standardized to the percentages of 
30 light transmission observed in PRP and ppp samples (o% and 
100%, respectively). 

3. Peptide Administration 



35 



Animals were randomly assigned to two treatment 
groups: vehicle control (i.e., normal saline) or rgd 
peptides at various concentrations. Peptides were 
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administered intra-atrially in both bolus and continuous 
injections. Each bolus injection consisted of 0.5 to 10 
mg/kg and was administered 15 minutes before application of 
the current. A continuous infusion of the same peptide was 
5 then started immediately after completion of this initial 
injection. Animals received a 25 }xg/}cg/m±n to 2 00 
;ig/kg/min infusion. The anti-thrombotic effects of the 
peptides were monitored until 30 minutes after the 
occurrence of a persistent, occlusive thrombus or five 
10 hours after the initiation of electrical stimulation 
(whichever resulted first) . If an occlusive thrombus had 
not developed within four hours after the initiation of 
current, the pejjtide infusion was stopped. 



15 4- Platelet Studies 

Platelet counts and ey vivo aggregation studies were 
performed one hour before and 1, 3, and 5 hours after 
application of anodal direct current. Samples of arterial 
20 blood were drawn into plastic syringes containing 3.8% 
trisodium citrate (giving a 1:10 final dilution) and 
platelet aggregation determined as described in Example V. 

The inhibitory potencies of peptide analogues 2 G 
25 (GPenGHRGDISSA) , 4Q (RPes^GDMRCR) , and 4R (KPenGRGDWPCR) , 
as well as the generic analogue GRGDSP, were determined 
against canine platelet aggregation stimulated maximally by 
10 jum ADP, 0.65 mM arachidonic acid (AA) , or 9.6 
micrograms/inl collagen. Epinephrine (550 nM) was used to 
30 prime platelets before stimulation with arachidonic acid. 
Peptides were added in 1% dilutions to the PRP solutions. 
The relative anti-aggregation potencies of all injected 
peptides and the generic analog GRGDSP were determined at 
the 1 hour before current time point, with dose-response 
35 analysis (see Figure 2) . The peptide concentrations 
causing 50% inhibition of maximal activation (IC50S) were 
derived by linear regression of these dose-response curves. 
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For computation of these inhibitory potencies, control 
values (i.e., in the absence of peptide) were considered as 
100% of maximum. 

5 As shown, analogues 4Q and 4R exhibited superior 

potencies, inhibiting aggregation by 50% at 1.5 - 5 ^m. 
Analogue 2G was slightly less potent, with ICjqS of 15 - 30 
m, whereas SRGDSP inhibited all three responses by 50% at 
ca. 130 micromolar. Notably, the potency order (4Q = 4R > 
10 2G >GRGDSP) and XC^^s Of these peptides against these 
responses were the same as those observed for their 
inhibition of ADP-, collagen-, and arachidonic acid- 
stimulated aggregation of human platelets. 

15 Platelet aggregation was also determined ex vivo at 

one, three, and five hours after current application. For 
these studies, arachidonic acid, or collagen was again used 
to stimulate the platelets. 

20 The average aggregation values determined in these 

studies for all of the peptide treatments are depicted in 
Figure 3. (In these histograms, 0% and 100% aggregation 

r epresent the extent of light transmission through PRP and 

Pi-i-, respectively, before the addition of stimulant.) 
25 Analogue 2G, when injected at 10 mg/kg, substantially 
inhibited ADP-stimulated aggregation but only partially 
inhibited the AA- and collagen-stimulated responses (43 - 
70% and 12 - 50%, respectively, relative to control levels) 
at all three time points (Figure 3a) . As shown in Figure 
3 0 3b and 3c, the &^ vivo anti-aggregation effects of 
analogues 4Q and 4R were far superior. A 5 mg/kg injection 
of analogue 4Q made the platelets completely unresponsive 
to stimulation with ADP and AA at all three time points and 
caused near-maximal inhibition of their activation by 
35 collagen. (Here, the absence of a coded bar indicates the 
absence of the corresponding response. ) As shown in Figure 
3b, the effects of this same peptide at the same injection 
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ca. 



were more pronounced when platelet count was low i.e. 
one-third of noronal (104 , 000/ml vs. 361,000/ml). At a 
higher injected concentration (10 .g/lcg) analogue 4Q 
prevented platelet aggregation by all three st.xnul. at one- 
5 and three-hour time points. At the five-hour poxnt, 
platelet responsiveness was slightly improved. The control 
responses in these studies were 70 - 80% of maximum. As 
Shown in Figure 3c, analogue 4R, at 3 mg/kg, exerted an 
apparent time-dependent effect on platelet responsiveness 

10 in that aggregation was reduced only 20 - 58% at one hour 
but 75 - 100% at three and five hours relative to control 
levels. Finally, a 10 mg/kg injection of this analogue 
caused the platelets to be unresponsive to all modes of 
stimulation at all time points. Here the control responses 

15 were 55 - 80% of maximviin. 

5. peptide Effects on Coronary Blood Flow and Thrombosis 

coronary thrombosis was quantified as the time to full 
20 occlusion. The effects of the various peptide treatments 
on coronary thrombosis is illustrated in Figure 4. In 
the control situation (saline injections) , a full occlusion 

wa-s-observed-in-sl-ightly-mor,e_t han two hours. Analogne 2G, 

even at 10 mg/kg, did not significantly influence thxs 
25 frec3uency. Analogue 4Q at 5 mg/kg significantly prolonged 
the time to occlusion and at 10 mg/kg completely prevented 
occlusion for the full five-hour experimental period. 
Moreover, at the low dose (5 mg/kg) , analogue 4Q was able 
to prevent thrombus formation in animals whose circulating 
30 platelet levels were one-third of normal. Analogue 4R at 
10 mg/kg prevented occlusion throughout the duration of the 
study but at 3 mg/kg was ineffective. 

in these studies, the degree of anti-thrombotic 
35 efficacy appeared to coincide with the anti-aggregation 
potency described above. For example, analogues 4Q and 4R, 
Which were superior inhibitors of in vitro aggregation. 
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also e^certed a considerably greater In vivo protective 
effect than analogue 2G at the sane injected concentration 
Moreover, the.e peptides were able to prevent fm^ 
occlusion only »hen they completely prevented platelet 
5 =tx.ulation by all of the agonists (at lo mg/Kg, . Hovever 
analogue 4Q (at s „g/kg, coi^letely or near-Maximal ly 
blocked all aggregation responses but oould Merely prolong 
coronary occlusion. i„ addition, analogue 4R at 3 Mg/Z 
blocked aggregation responses by 72 - 100% at the thl«! 
10 and f.ve-hour points, yet at these tiMes an occlusive 
thrcMbus had fully developed. Pinally, these peptides 
oould coMpXetely prevent occlusion in this Model oily " 
injected concentrations equivalent to 20- to 50-fold 
neater than their lc,„s against lo^ot^ aggregation. 

15 6. Hemodynamic Responses 

three^^^^^' '^'^""^ =^ ^ '»«r before and one, 

three, and five hours after adMinlstration of the peptide 
This v^s done by Making . sMall (5 mm long and 1.5 Jl^l 
20 incision in the tongue and subsequently absorb^/^i 
exuded blood at this site every xa seconds .ithT piece^: 

-ounts-,,er™terMined with a HaeMa Count «K-4/HC platllet 
counting system. fiaceiet 
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It is important to note that these apparentlv 
excessive peptide concentrations did not exf^ Ly 
significant effects on template bleeding time, platelet 

7 " ^""^^ parameters (keart 

and s^T «„ained essentially unchanged 

and similar to baseline values throughout the experimental 
periods (Pigure 5). xn cases «.ere peptide trZ^^T^l 
not prevent occlusion, at certain ti.es these parameter 
were not determined ,™ in Table ri, , as experiLn^!^ 
te^inated 30 Min. after circumfl« coronary artery b":: 
flow had ceased due to occlusive thrombus formatio7 
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T?V&MT3T.-R VIII 

Anti-Thrombotic Proper-ties of Hydrophobically 
Enlianced RGd Peptides in Prosthetic Arterial Grafts 

Adult male baboons (weighing 16 to 25 kg) were used in 
these studies. These were sedated with ketamine 

hydrochloride (200 to 250 mg intramuscular injection) and 
maintained under anesthesia with sodium pentobarbital (50 
to 75 mg administered intravenously as necessary) . 

Twenty-four hours before the ex vivo shunt was 
established, platelets were isolated from 500 ml of blood 
from the test animal and labelled with ca. 500 microcuries 
of indium-Ill oxine (Medi+Physics , Emeryville, CA) , which 
irreversibly and specifically binds to platelets with an 
15 efficiency of 50%. Immediately after labelling, these 
platelets were then injected back into the animal and 
allowed to circulate for 2 4 hours. Immediately before the 
start of the study, fibrinogen that had been isolated from 
the animal and labelled with iodine-131 (DuPont Nuclear, 
Boston, MA) was also injected back into the aniJBial. Also 
at this time, baseline determinations of the clotting and 
tempi ^-^^ ble eding times were made, and blood samples were 
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drawn for hematology studies. 

TO establish the ex vivo shunt, the femoral artery and 
vein were percutaneously cannulated with introducer 
catheters (KMA Inc., Mansfield, MA). The catheters were 
then connected to medical -grade, heparin-coated silastic 
tubing (2.59 mm internal diameter , (Extracorporeal Medical 
specialties. Inc., King of Prussia, PA). An 
electromagnetic flow probe was then inserted into the 
tubing by varying the resistance imparted by a partially 
occluding screw clamp that was distal to the probe. 
Finally, a 5 cm-long test segment of a 4 mm (internal 
35 diameter) vascular graft was inserted at the apex of the 
circuit. The graft used in these studies was Gore-tex 
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(expanded polytetraf luoroethylene , (w.L. Gore and 
Associates, inc.. Flagstaff, Az) . An electromagnetic flow 
probe was then inserted into the tubing circuit to measure 
blood flow, which was maintained at 100 ml/min. by varying 
5 the resistance imported by a partially occluding screw 
clamp that was distal to the probe. Finally, a 5 cm-long 
test segment of a 4 mm (internal diameter) vascular graft 
was inserted at the apex of the circuit. The graft used in 
these studies was Gore-tex (expanded 
10 polytetrafluoroethylene, W.L. Gore and Associates, Inc 
Flagstaff, AZ) . 



Platelet deposition onto the grafts was monitored by 
dynamic scanning with a gamma camera (Sigma 400, Ohio 
15 Nuclear, inc., Sohon, oh) , which detects the gamma 
radiation emitted by the "^indium-labelled platelets, once 
the circuit was in place, the animal was placed under this 
camera, and blood flow was initiated. Scans were then 
taken at the rate of one frame per two minutes for two 
2 0 hours. The data from these scans were collected on a 
dedicated Digital MDA computer (Maynard, MA) . The scans 
were corrected for graft size, isotope dose and decay 
circulating platelet activity and background, and the 
s^^^rfaee-a^reas— of-tl5e~gr^ts: ' 
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At one- and two-hour time points, template bleeding 
times were measured, and blood samples were drawn to assess 
the hematology aggregation studies. Platelet aggregation 
studies were performed as described in Example V using ADP 
as the stimulus. 

After a second, identical shunt was attached to the 
animal, the anti-platelet peptide G PenGHRGnT.pp^ was 
administered as an intravenous (IV) injection. a second 
series of scans was then obtained to ascertain the effect 
of the peptide on the platelet uptake pattern of the graft 
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Uoon the completion of each study, each shui,t was 
«u=he; with lactated Ringer', solution, and each graft was 
then removed. Sections of these grafts were suhjected to 
t^^id scintillation counting to determine their =0"^-^ °f 
5 re^dual -iodine-fihrinogen and "'indium-platelets. The 
.. catheters in the femoral artery and vein were then removed, 
and hemostasis was achieved hy compression. Finally, post 
procedural blood samples were drawn, and determinations of 
template bleeding and clotting times were also made. 

Three different animals were used in order to account 
for animal variability. . Two of the three test an.^als 
displayed normal platelet uptaHe patterns, as determined 
frol ga^a camera images of -labeled platelets on the 
graft material. Treatments for these two animals are 
15 described below. 

in the first of these animals, the peptide was 
administered as two bolus IV injections of 10 mg/lcg (ISO mg 
per injection). The first in j ection was gxven fifteen 
ao minutes before the establishment of the "-"^/J^^^f 
the second injection was administered one hour 
—A-r^h-own-^in^igure-^^thes^j ^ctions caused a significant 
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As snown in xj.yi-ij-'=^ "A r tz, . , 

reduction in both "'in-platelet and «'l-fibrinogen ^ptakes 
(.0% and 79*, respectively,. This inhibitory effect is 
also apparent from a plot of platelet uptake rates in 
peptide-treated and untreated grafts over the 
course of the studies (Figure 7). Here, the rate of In- 
labelled platelet accumulation represents the counts 
Observed in a graft piece minus those found in a background 
section of tubing at each tl«e point when a scan was 
performed. 

AS shown in Figure 8, peptide treatment did not lower 
template bleeding and clotting times. In blood samples 
taKen immediately after completion of the second shunt 
white blood cell and platelet counts, however, were reduced 
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by 37% and 14%, respectively. other parameters were 
lanaffected. 

For the second aninal, a lo mg/kg bolus (250 mg) of 
5 the peptide was again given IV fifteen minutes before the 
xnxtiation of the second shunt. This was immediately 
followed by a continuous infusion of lo mg/3cg/hr that 
lasted for the entire two hours of the shunt (500 mg 
total). AS Shown in Figure 9, this treatment also caused 
10 sxgnxficant reductions in labelled platelet and labelled 
fxbrxnogen uptakes (84% and 78%, respectively). Platelet 
uptake rates were again plotted in the presence and absence 
of the peptide (Figure lO) . 

15 in addition, platelet aggregation studies were 

conducted on prp derived from the second animal. whole 
blood was drawn at three time points (o, i and 2 hours) of 
both control and experimental shunts. Platelets were 
completely unresponsive to the peptide treatment at a 

20 maximally effective concentration of adp (lo ,.m) . The 
peptide treatment also had no effect on template bleeding 
time. Clotting time, or on all blood cell counts (Figure 
11) . 
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Bleeding Time and Ex Vivo Platelet 
Aggregation Rabbit Model 

Animal Preparation and Blood Sampling 



30 Unanesthetized male New Zealand White rabbits (2 5-3 5 

kg) were placed in a standard rabbit restrainer. Earl were 
Shaved and a 20G teflon catheter with flowswitch (viggo) 
was Placed in the medial artery, flushed with saline Ld 
locked with 1 ml Of heparinized saline (lo ^/lal) . a 22G 

35 catheter (Abbott) fitted with an injection cap (Hedext was 
placed in the marginal vein of the same ear. Saline or a 
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GP Ilbllla receptor antagonist, at a concentration of 1 to 
3 rig/ml, was infused via the venous catheter. At time 0, 
41% of the dose was given as a bolus over 2 minutes. The 
remainder was continuously infused over the following 60 
minutes. Blood samples (3.2 ml) were collected into 
syringes without needles via the arterial catheter at -10, 
-5 10 45 and 60 minutes. The first 0.5 ml was discarded 
and the following 2.7 ml was collected directly into a 
syringe containing 0.3 ml of 3.8% sodium citrate. The 
sample was divided into 1.5 ml aliguots and centrifuged at 
room temperature for 5 seconds at 12,000 G. The resulting 
platelet rich plasma (PRP) is used to measure ex-vivo 
platelet aggregation (XPA) . . At -10 and 60 minutes an 
additional 1.5 ml sample is drawn for an automated blood 
count (Baker Instruments). Catheters are flushed and 
locked after every sample. 

2. Tgy-Vivo Platelet Aggregation 

300 ml of PRP was placed in a disposable glass cuvette 
with a stir bar. The cuvette was placed in the temperature 
regulated light path of a light transmittance aggregometer 

-(x:hron-o-l-og-)— and— equi-l-ibrated_t o a 37 ° C . ■ Baseline 

transmittance was recorded for 30 seconds, after which 10 
ml of ADP (1 mM) was added and the change in transmittance 
recorded. The maximum change from baseline (dT) was noted 
for each sample. The extent of inhibition of XPA that was 
produced by an inhibitor was calculated for each animal as 
follows: Mean dTs were calculated for the pre and post 
infusion values, and then, percent inhibition was 
calculated as (l-dt (post) /ddt (pre) ) x 100. 

3. Cutaneous Bleeding Times (CBT) 

CBT was measured at -10, -5, 10, and 45 minutes on the 
opposite ear, using an automated incision-making instrument 
(Surgicutt^ ITD) , An incision (5 mm x l mm deep) was made 
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on the dorsal surface of the ear at sites not supplied by 
major blood vessels. Blood was blotted away with absorbent 
paper placed near the incision site, every 2 to 15 seconds 
to a maximum of 15 minutes. Cessation of bleeding was 
defined as no blood forming at the incision site for 15 
seconds. The range of duplicate CBT in 40 normal rabbits 
was 0.88 to 3.38 minutes. 

4. Peripheral Blood Plow (PBP) 

For the experiments summarized in Table I, pbf was 
monitored by observation of the condition of the blood 
vessels in the rabbits- ears, p.ior to and during the 
xnfusion. Normal flow was defined as ears that appeared 
pxnk to red, with no visible constriction of the major 
blood vessels. Decreased flow applied to ears that have 
constricted vessels resulting in cold, pallid ears for up 
to 40 minutes following the start of the inhibitor 
infusion. 

In an alternative series of experiments, (Table 2) pbf 
was measured quantitatively with a laser dopier flow probe 
(Perx med). The probe was positioned securely c^.r- -hk^ 
—vascular bed of one ear and flow monitored continuously. 
Each inhibitor was infused and CBT measured in the opposing 
ear. No arterial catheter was placed for blood sampling, 
consequently XPA was measured in these animals. However 
the doses used were shown in previous experiments to 
effectively inhibit XPA. 

30 5. Results 

CBT, XPA, and observed PBP were summarized in Figure 
12 The ratio of the post to pre treatment CBT was 
calculated for each animal by dividing the mean of . the 2 
35 post-treatment (and during infusion) samples by the mean of 
the pre samples, m two saline control rabbits the mean + 
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sd ration of post treatment CBT (n=10) to a mean pre- 
treatment CBT was 1-12 ± 0.19. 

The ej.-periments measuring PBF. by laser dopier probe 
5 are summarized in Table III. As positive control, 
epinephrine was infused intravenously (1 lug over 2 minutes) 
at 60 minutes. The resulting vasoconstriction reduced flow 
to near 0 flow units within 5 minutes. 

10 The doses listed in Figure 12 and in Table HI refer 

to the bolus portion only. There were no significant 
changes in any of. the blood indices measured- 

TABLE III 



15 Drucf 



^ninft ^tnin.V CPT fmih.) PBF (units) 



P PpnGHRGDWRC R 
3.75 mg/kg 



0 
10 
45 



2.8 
1.5 
ND 



282 
9 
ND 



20 P- PmcGHRGD f V-OMel RCR 0 

—1-0- 



1.5 mg/3cg 



45 



2.9 



1.5 



392 

...5 



3 60 



25 



ppmr^r:Trpnn ( V-QMe^ RCR 

1.5 mg/kg 



0 
10 
45 



2.1 
3-8 
1.2 



318 
0 

283 



iL r^rw-ppGnv-OMeRCN Hp 
4.5 mg/kg 

30 



0 
10 
45 



1.8 
2.2 
3.0 



263 
317 
293 
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EXAMPT.-R V 

Additional Results 

using the method described in Ej^ample v to measure ex 

^ inhibition o. Platelet aggregation and the .eth^^ 

described ^n Exaxaple VII to measure bleeding, four 
add.. , ^^^^ ^^^^^^^ ^^^^ ^^^^.^^^ ^^^^^^^^ 

11 J, HQ, IIK and liv. Results are shown in Table iv 
Whxle all four peptides inhibited ex v.-..^ platelet 
aggregation at the doses indicated, peptides lij, hk and 
IIV cause extensive prolongation of bleeding ti»e, iiQ, 
contrast, did not affect bleeding ti.e. .hese res;its 
corroborated that it is the presence of a positive charg! 
xn the .4 posxtion, as possessed by iiq, which on platelet 
aggregation inhibiting peptides confers the characListi! 
of not prolonging bleeding time. 
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TABLE V 

Inhibition of Platelet Aggregation 



Formula 



IC50 (/iM) 



AcCSPRGD r aVrOM^, ) Pr-TJTT^ q ^ ^ ^ 

AcCAPRGD f TvrOMe ) T?r~MTT^ q ^ ^ 

^2 B AcCLPRGPrTvrQM^,) Pp-ktw^ q 2 8 

AcCDPRGD ( TvrOMi^ ) pr-ww^ 3 ^ ^ 
■'-^^ A cCYPRGD riY r-QM^a ) T>r-vm 



h 0.22 



ACCRPRGD rTvrOMe ^ T?n -WTT^ q 3 ^ 



15 



As can be seen from the data in Table V, the residue 
lying two positions to the amino side of the rgd binding 
site is preferably non-acidic residue. 
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INDUSTRIAL APPLICATION 



The compositions of matter disclosed and claimed 

.^^^^^^ industrially useful for the prevention and 

treatment of pathologies characterized by undesirable 
25 platelet aggregation, including thrombosis, stroke and 
vascular graft occlusion. 
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Although the invention has been described with 
reference to the presently-preferred embodiment, it should 
be understood that various modifications can be made 
without departing from the spirit of the invention. 
Accordingly, the invention is limited only by the following 
claims. 
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WE CLAIM: 



1. A composition of matter comprising a cyclic rgd 
5 containing peptide having a hydrophobic moiety adjacent the 

carbosy terminus of the RGD sequence. 

2. A composition of matter comprising a cyclic 
peptide having the sequence X^X^^X^GDX^X^Xj wherein and 

10 comprise moieties capable of forming a bridge, X3 is one 
or more amino acids and X, and X^ are zero to 20 amino acids 
and X5 comprises a hydrophobic moiety and X^ is a positively 
charged amino, acid. 

3- The composition of matter of claim 2 wherein and 
X^ are selected from the group consisting of Cys, Pen, Pmp, 
Pmc and Pas. 

4. The composition of claim 2 wherein X3 has Pro or 
20 His as the carboxy terminal residue. 

5. The composition of claim 2 wherein X, has Gly as 
the carboxy terminal residue. 



25 
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6. The composition of matter of claim 2 wherein X5 is 
selected from the group consisting of Phe, Tyr, PheCl, chA, 
TyrMe, O-n-hexyl-Tyr, 3,5-diiodo-Tyr, Hpa, 2-Nal/ o-n- 
butyl-Tyr, p-nitro-Phe, Phg, p-iodo-Phe, p-amino-Phe and 
Cit. 

7. The composition of matter of claim 2 wherein X^ is 
selected from the group consisting of Arg and Lys. 

8. The composition of claim 2, wherein X5 further 
comprises a positively charged moiety. 
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9. A composition of matter comprising an RGD- 
binding site containing cyclic peptide having platelet 
aggregation inhibiting activity without substantially 
prolonging bleeding time. 

5 10. The composition of claim 9, further comprising a 

hydrophobic moiety adjacent the carboxy terminus of the RGD 
sequence. 

11. The composition of claim 9, further comprising a 
10 positively charged moiety located to the carboxy terminal 
side of said binding site. 

12- A composition of matter comprising an -X^GDX^*- 
binding site containing cyclic peptide wherein is a 

15 positively charged amino acid, X,, is one or more amino, acid 
or other moiety so as to' confer platelet aggregation 
inhibiting activity and wherein * is a positively charged 
moiety located in appropriate spatial proximity to said 
binding site so that upon administration of the composition 

2 0 to an animal, bleeding time is not substantially increased 

over that of an untreated animal. 

13. The composition of claim 2, further comprising a 
proline adjacent the auaino tearminus of X^. 

25 14. The composition of claim 2, wherein said cyclic 

peptide contains less than about 50 amino acid residues. 

15. The composition of claim 2, wherein said cyclic 
peptide contains less than about 25 amino acid residues. 

3 0 16.. The composition of claims 1 or 2 , wherein said 

cyclic peptides inhibit the binding of fibrinogen to 
GPIIb/TIla more than the binding of van Willebrand Factor 
to GPIIb/IIIa. 
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17- A peptide selected from the group consisting of: 

RPenGRGDWPCR 

GPenGHRGPmCA 

RPenGHRGDWRCR 
5 RPenGHRGD r ChAl RCR 

PmPGHRGDrJ^GA 

G f dPen > GHRGDI^^CA 

R f am-Pmp > GHRGDWRCR 

R ( am-Pmp > GHRGD rTvrMe ^ RCR 
10 Rf ain-Pmp > GHRGD rPheCl ^ PCT 

R f am-Pmp > GHRGDIiRCR 

R f am-Pmp^ GHRGDIiRCR 

R ( t-but-am-Pmp ) GHRGDIiRC R 

Ac -CNPRGD f Y-OMe > RC KTH^ 
15 Ac -CNPKGD ( Y-QMe^^> Pr^MTT. 

Ac -CNPRGD f O-N-Butvl-YQRC -NH^ 

18. The composition of matter of claim 1, 2, 9 or 17 
in a physiologically acceptable carrier. 

^0 19. A method of treating or preventing thrombosis, 

comprising administering a therapeutically effective amount 

^ cyclic, RGD-containing peptide having high affinity 

for Ilb/Ilia and low affinity for the fibronectin and 
vitronectin receptors • 

25 20, A method of treating or preventing thrombosis, 

comprising administering a therapeutically effective amount 
of the composition of claim 1, 2, 9 or 17 in a 
physiologically acceptable carrier. 

30 21. A method of treating or preventing vascular graft 

occlusion, comprising administering a therapeutically 
effective amount of a cyclic, RGD-containing peptide having 
high affinity for Ilb/IIIa and low affinity for the 
fibronectin and vitronectin receptors. 
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22 - A method of treating or preventing vascular graft 
occlusion, comprising administering a therapeutically 
effective amount of the composition of claim 1,. 2, 9 or 17 
in a physiologically acceptable carrier. 

23. A method of treating or preventing a pathology 
characterized by undesirable platelet aggregation, 
comprising administering a therapeutically effective dose 
of the composition of claim. 1, 2, 9 or 17, in a 
physiologically acceptable carrier. 

24. The method of claim 23, wherein said pathology 
characteriMd by undesirable platelet aggregation is 
stroke . 
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PEPTIDE PREVENTION OF CORONARY THROMBOSIS 



TREATMENT 

Control 

Analogue 
10 mg/kg 

Analogue 4Q 
5 mg/kg 

5 mg/kg , ^ . . , 
(Low platelet count) 

10 mg/kg 

Analogue 4R 

— ^3-mg./-kg . — — 



TIME TO . 
FULL OCCLUSION 
(-mln)° 



135 ± 15 (13) 
127 ± 41 (3) 



155 ± 10 {2)t> 
>300 (2.) 

>300 (1)C 



95 (1) 



10 mg/kg 



> 300 (1)C 



a values are mean ± SEM. for the number of determinations that 
appears in parentheses. 

Statistical significance vs. control denoted as follows: 

b p< .05 
. c p<.Gi 
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